Objectives. To describe the association between indicators of socioeconomic status (SES) and the prevalence of autism spectrum disorder (ASD) in the United States during the period 2002 to 2010, when overall ASD prevalence among children more than doubled, and to determine whether SES disparities account for ongoing racial and ethnic disparities in ASD prevalence.
P
opulation-based studies of the prevalence of autism spectrum disorder (ASD) in the United States have reported notable differences among selected racial and ethnic groups, with prevalence generally found to be higher among non-Hispanic White children relative to both non-Hispanic Black and Hispanic children. [1] [2] [3] [4] [5] [6] [7] Studies in the United States [8] [9] [10] and in some, 11, 12 but not other, 13, 14 countries have also found a positive socioeconomic status (SES) gradient in ASD prevalence, with prevalence increasing with indicators of increasing socioeconomic advantage. For example, in a previous analysis of public health surveillance data for children in communities included in the Centers for Disease Control and Prevention's Autism and Developmental Disabilities Monitoring (ADDM) Network in 2002 and 2004, we found a dose-response association between SES and ASD prevalence, and a prevalence nearly 70% higher among children in the highest relative to the lowest SES tertile of the population (prevalence ratio = 1.69; 95% confidence interval [CI] = 1.55, 1.83). 10 The SES findings for ASD stand in sharp contrast to those for intellectual disability and childhood disabilities generally, which consistently show an excess prevalence among children of low SES. 15 Taken together, the US findings of racial/ethnic and socioeconomic variation in prevalence suggest potential underascertainment of ASD in economically disadvantaged groups, and raise the question of whether the ongoing racial and ethnic disparities in ASD prevalence are confounded by SES.
Since our earlier analysis of SES disparities in ASD prevalence based on ADDM Network findings, 10 the estimated prevalence of ASD overall has more than doubled, from 6.6 per 1000 8-year-old children in 2002 16 to 14.7 in 2010. 1 Whether the increase in prevalence occurred across all SES strata is not known. If the increase occurred disproportionally among children of low SES, perhaps because of expanded screening and improved access to ASD diagnostic and treatment services over time, we would expect to see a diminution of the SES gradient in ASD prevalence. The present study analyzed ADDM Network data for the period 2002 to 2010 to address 2 main questions: (1) Did the SES gradient in ASD prevalence persist in each surveillance year from 2002 through 2010? and (2) Were the racial and ethnic differences in ASD prevalence that have been previously documented present within SES strata throughout the period? An affirmative answer to the second question would suggest that racial and ethnic disparities in ASD prevalence are not readily explained by racial/ethnic disparities in available indicators of SES. Additional questions we sought to answer were whether a positive SES gradient was present over time among subgroups defined by race, ethnicity, sex, and co-occurrence of intellectual disability, and among ASD cases ascertained from different sources (health care, school, and both health care and school). In our previous study, 10 we had hypothesized that a positive SES gradient would not be found among cases ascertained from school sources because special education services for autism should be accessible to all school-aged children with ASD in the United States, whereas specialized health and autism therapeutic services are not universally available and accessible. However, in our previous study, based on surveillance years 2002 and 2004, we found the SES gradient to be similar for cases identified through health care and school sources. 10 
METHODS
We performed stratified analyses of population-based, cross-sectional surveillance data from the ADDM Network and the US Census and American Community Survey (ACS) to determine the prevalence of ASD among 8-year-old children by SES strata in 4 surveillance years : 2002, 2006, 2008 , and 2010, the latest year for which geocoded surveillance data were available. Our primary SES indicator for this analysis is educational attainment, based on the percentage of adults aged 25 years or older who attained a bachelor's degree or higher. At census area levels, this indicator is highly correlated with other indicators of SES, such as median household income and poverty, and such educational indicators are widely used measures of SES in health research. 10, 27 To define SES tertiles, we ranked all census tracts included in a given surveillance year by educational attainment and created cutpoints so that each tertile contained approximately one third of the 8-year-old population. For surveillance year 2002, with the 2000 Census data, the low educational attainment SES tertile included census tracts with percentage of those aged 25 years or older with bachelor's degrees of 14.4% or less and the high educational attainment SES included those with percentage of those with bachelor's degrees of 30.1% or more. For surveillance year 2010, with the ACS data, the corresponding cut-offs were 19.1% or less for low and 37.1% or more for high educational attainment.
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Socioeconomic Status Indicators and Computation of Prevalence
To confirm the robustness of the findings across SES indicators, we computed separate SES tertiles on the basis of median household income. The results of analyses using these tertiles were similar to those based on educational attainment and are not included in this report. We also created a dichotomous variable indicating census tracts that meet the US Census definition of "poverty area," defined as those in which at least 20% of children lived in households with incomes below the federal poverty line. 21 Although by design, with the use of tertile cut-offs, the proportion of children in the surveillance areas who were classified as low, middle, and high SES was approximately equal within each surveillance year, the proportion classified as living in poverty areas increased over time, from 22.4% in 2002 for which 2000 Census data were used to 36.0% in the later 3 surveillance years based on data from the 2006-2010 ACS ( For children with ASD, we assigned values for SES indicator tertiles and poverty area residence based on their census tract of residence at age 8 years, similar to the approach described by Krieger et al. 29 
Statistical Analysis
We computed the SES-specific prevalence of ASD per 1000 by dividing the number of children with ASD in each SES category and study year by the general population of 8-year-old children in the same category and study year. We computed 95% confidence intervals (CIs) based on the B distribution, by using SPSS version 22 (IBM, Somers, NY). We examined associations between SES indicators and ASD prevalence after stratifying by site, and found the results were generally in the same direction each study year in all sites. The results presented here are pooled across sites within surveillance years or sets of surveillance years. To evaluate the association between ASD prevalence and both SES indicators and race/ethnicity, we computed prevalence ratios with 95% CIs. To evaluate whether the associations between educational attainment tertiles and ASD varied by race or ethnicity, sex, and other characteristics, we evaluated the educational attainment-ASD association after stratifying by these characteristics. We also computed prevalence differences with 95% CIs to estimate the differences in ASD prevalence between high and low educational attainment tertiles.
RESULTS
Among children overall, ASD prevalence rose over time in each educational attainment tertile of the population. In each surveillance year, prevalence was lowest in the low educational attainment tertile and highest in the high educational attainment tertile, consistent with a dose-response association between census tract educational attainment and ASD prevalence ( Figure 1) . A positive gradient in ASD prevalence by educational attainment categories was also seen in each surveillance year within each racial/ethnic group examined (Table 2) .
Among children overall and among non-Hispanic children (both White and Black), the ratio of ASD prevalence in high versus low educational attainment tertiles appeared to decrease over time as the prevalence increased. For example, in 2002, when the overall ASD prevalence was 6.2 per 1000, the high to low educational attainment prevalence ratio was 1.99 (95% CI = 1.78, 2.21). In the 2006-to-2010 period, when the prevalence had increased to 11.9 per 1000, the high-to low-prevalence ratio was 1.44 (95% CI = 1.37, 1.51). Among Hispanic children, ASD prevalence increased over time, from 3. Table 2 ).
In contrast to the prevalence ratios, ASD prevalence differences between high and low educational attainment tertiles showed no decrease over time among children overall ( Figure 1 and Table 2 ) or among nonHispanic Black children or Hispanic children (Table 2) . Among non-Hispanic White children, the prevalence differences between high and low educational attainment tertiles narrowed from 3.7 per 1000 (95% CI = 2.9, 4.5) in 2002 to 2.4 per 1000 (95% CI = 1.7, 3.2) in 2006 to 2010 (Table 2) .
Additional stratified results in Table 2 show that the educational attainment gradient in ASD prevalence was present among both boys and girls, among children without co-occurring intellectual disability, and among ASD cases ascertained from health care or both school and health care records. Among cases ascertained only from school records, ASD prevalence was lowest among children in the lowest educational attainment tertile during both periods, but the educational attainment gradient was present only in the earlier period ( Table 2) .
Evidence of the educational attainment gradient was present among children meeting surveillance criteria for ASD who had a previous ASD diagnosis or determination in their records, and among those with no previous ASD diagnosis, though in both periods the gradient was steeper for children with a previous ASD diagnosis (Table 2) . 
Continued
The educational attainment-ASD prevalence gradient was absent in both periods in 1 subgroup of children with ASD-namely, those with co-occurring intellectual disability. In the earlier period, the prevalence of co-occurring ASD and intellectual disability was lowest among children in low educational attainment tertile and highest among those in the middle educational attainment tertile. In the later period, the prevalence of co-occurring ASD and intellectual disability was lowest in the high educational attainment tertile ( Table 2) .
The results in Table 2 also show that in both periods, children with ASD and co-occurring intellectual disability and those with no previous ASD diagnosis were more likely to live in poverty areas than were those without intellectual disability and those with a previous ASD diagnosis, respectively. In addition, the percentage of children with ASD living in poverty areas varied substantially by race and ethnicity (Table 2) . Overall, in both periods, children with ASD were less likely to live in poverty areas than were all 8-year-old children in the surveillance areas. In 2002, 19.0% of ASD cases (Table 2 ) and 22.4% of the children in the surveillance areas overall lived in poverty areas (Table 1) . For the 2006 to 2010 surveillance years combined, 28.6% of ASD cases (Table 2) and 36.0% of the children in the surveillance areas overall lived in poverty areas ( Table 1) .
The prevalence ratios in Table 3 are presented to allow evaluation of the extent to which racial and ethnic disparities in ASD prevalence are explained by the association between SES and ASD prevalence, by using 2 indicators of SES-educational attainment and residence in poverty areas. The prevalence ratios for non-Hispanic White relative to non-Hispanic Black children were elevated in both periods before stratification by SES indicators, but not consistently so after stratification. In the low educational attainment tertile, the White-Black prevalence ratio was elevated only in the latter period whereas in poverty areas this ratio was elevated in both periods. In contrast, in the high educational attainment tertile and among children not residing in poverty areas, there was no racial disparity in ASD prevalence in either period ( Table 3 ). The prevalence ratios comparing ASD prevalence in non-Hispanic White to Hispanic children were significantly elevated during both periods, both overall and within each SES stratum.
DISCUSSION
These results confirm, on the basis of ADDM Network data and using educational attainment or poverty as indicators of SES, that a positive SES gradient in ASD prevalence was present over time between 2002 and 2010. Although the ratio indicating the relative prevalence in high-compared with low-SES children decreased over this time as overall prevalence more than doubled, the ASD prevalence difference between high and low SES was relatively constant, showing no evidence of convergence over time.
The results also show that the rise in ASD prevalence between 2002 and 2010 was similar in absolute terms in all 3 SES groups-low, middle, and high educational attainment-with an absolute change in prevalence between 2002 and 2010 of approximately 8 per 1000 children in each group (Figure 1 ). This finding along with the persistent SES disparity in prevalence is consistent with a recent National Academies of Science, Engineering, and Medicine study that found steady increases in ASD prevalence among children in poverty and receiving Supplemental Security Income and Medicaid between 2000 and 2012, but also found that even after the increase, the proportion of children in poverty receiving services or supplementary income because of ASD was lower than the proportion expected on the basis of estimates of the prevalence of ASD in the general population. 30 The persistence of SES disparities in ASD prevalence in the United States has important public health implications. Early clinical descriptions of autism suggested that it was a disorder seen primarily among children of highly educated and accomplished parents, 31 and a number of epidemiological studies have found positive associations between SES and autism prevalence. [8] [9] [10] [11] [12] 32, 33 However, as early as 1980, Lorna Wing argued that studies based on data for children receiving clinical diagnoses and services for autism were affected by biased case ascertainment, and that even in the United Kingdom, where access to health and educational services was universal, relatively high levels of parental education and resources were necessary to ensure that a child with autism was able to get an accurate diagnosis. 34 Recent large, epidemiological studies in Sweden 13 and France 14 that were designed to evaluate the association between SES and ASD found no evidence of a positive SES gradient in ASD prevalence. Both studies concluded that in countries with universal access and no economic barriers to obtaining autism diagnoses and services, ASD is not found to be associated with socioeconomic advantage and may be associated with socioeconomic disadvantage. 13 
Limitations and Other Considerations
A limitation of the present study is that the surveillance data were available only for children receiving comprehensive developmental assessments or special education services. For this reason, we cannot confirm that ASD was underidentified in children of low SES, contributing to the positive SES gradient observed. It is possible that even if comprehensive assessments were available for all children, ASD would be found to be less frequent in some groups. If, however, the SES gradient in ASD prevalence found in this study is attributable to persisting disparities in access to or use of autism services in the United States, one implication of the findings is that the prevalence of ASD based on surveillance is underestimated and that the actual overall prevalence is similar to that observed for children of high SES. In 2010, ASD prevalence in the high educational attainment tertile was 16.9 per 1000, compared with 14.7 overall.
Another limitation of this study was our reliance on aggregate Census data for the denominator and comparison group data. Because of this, we were unable to perform multivariable analyses to evaluate and control for confounding effects of a broad set of variables. We were, however, able to perform stratified analyses to evaluate potential confounding of demographic variables.
Our finding that racial and ethnic disparities in ASD prevalence persisted over time, especially among children in low-SES communities, suggests that the relatively low ASD prevalence among Black and Hispanic children is not fully explained by racial and ethnic disparities in SES. Moreover, if low prevalence is indicative of underascertainment of ASD, this finding suggests that the negative impacts of poverty and being Black or Hispanic on ASD ascertainment are additive rather than confounded.
One potential strategy to enhance the completeness and equity of case ascertainment, though perhaps requiring more evidence, 35 is universal screening for ASD, as recommended by the American Academy of Pediatrics. 36 If all children received periodic screening for ASD during routine pediatric care and follow-up services as needed, we could be more confident in the use of administrative data to estimate ASD prevalence for low-and middle-SES children. In addition to potentially improving surveillance and prevalence estimation, universal routine screening for ASD could help ensure equitable access to and use of autism services.
Diagnostic and treatment services for ASD are among the most expensive of all forms of neurodevelopmental and behavioral services. 37 If the disparities found in this study are a result of services being preferentially accessed by socioeconomically advantaged children, these disparities would point to the need for strategies to help ensure that ASD services are reaching those in greatest need. As the proportion of resources for developmental disabilities that are dedicated to ASD grows, it is important that these resources 21, 22 are distributed equitably. In addition to low income and education, some of the barriers to equitable access to ASD services identified in previous studies include language and transportation barriers, cultural differences, and scheduling difficulties. 38, 39 The SES gradient and racial disparities in ASD prevalence found in this study contrast with those for cerebral palsy identified in a previous analysis of ADDM Network data 40 ; for cerebral palsy, a negative SES gradient and higher prevalence among Black relative to White children were found. These contrasting patterns for cerebral palsy and ASD do not suggest the coverage of the ADDM Network surveillance system is differential by SES, but may instead point to disparities in referral for or access to autism diagnostic and treatment services. Consistent with our earlier analysis of data for surveillance years 2002 and 2004, 10 the positive SES gradient in ASD prevalence persisted in the latter half of the decade in each demographic group examined, with the exception of children with co-occurring ASD and intellectual disability. The lack of an association during both periods between ASD and SES in the subgroup with co-occurring intellectual disability might result from the existence of competing associations, as the prevalence of intellectual disability is consistently found to be elevated among children of low SES. 10 The absence of an SES gradient in ASD prevalence among children with co-occurring intellectual disability could also result from these children being more likely than those with ASD alone to be referred and evaluated for developmental disorders including autism and thus less subject to ascertainment bias.
Conclusions
In conclusion, the SES disparity in ASD prevalence based on US surveillance data persisted between 2002 and 2010, and this disparity, according to SES measures available for this study, does not appear to fully explain the observed racial and ethnic disparities in ASD prevalence in the United States. 
